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ABSTRACT : 

The present invention provides multiply replication deficient 
adenoviral vectors having a spacer in at least one replication 
deficient adenoviral region, as well as complementing cell lines 
therefor. Also provided are means of constructing the multiply 
replication deficient adenoviral vectors and methods of use 
thereof, e.g., in gene therapy. 
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ABSTRACT : 

The present invention provides replication-deficient non-group C 
adenoviral vectors. Also provided is a therapeutic method, 
particularly relating to gene therapy, vaccination, and the like, 
involving the use of such vectors incorporating a foreign nucleic 
acid. 
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ABSTRACT : 



Gene Therapy vectors, j^ich are especially useful for c^tic 
fibrosis, and methods using the vectors are disclos^^ 
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ABSTRACT : 

Disclosed are genes encoding novel CF monomer proteins which have cystic 
fibrosis transmembrane conductance regulator (CFTR) protein function. 

5. 5,616,326, Apr. 1, 1997, Recombinant canine adenovirus 2 (CAV-2); 
Norman Spibey, 424/199.1, 205.1, 207.1, 208.1, 224.1, 233.1, 818, 819; 
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ABSTRACT : 

A non-essential region in strains of live non-pathogenic immunogenic 
canine adenovirus is described. The insertion of genes from 
pathogenic carnivora viruses into this region, with suitable expression 
control systems, without prejudicing the stable reproducibility of the 
adenovirus vector is described. Such recombinant canine 
adenoviruses modified to contain a gene coding for an antigen or 
immunogenic agent, in association with an effective promoter for the 
gene, are described. 
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ABSTRACT : 

The present invention provides multiply replication deficient 
adenoviral vectors having a spacer in at least one replication 
deficient adenoviral region, as well as complementing cell lines 
therefor. Also provided are means of constructing the multiply 
replication deficient adenoviral vectors and methods of use 
thereof, e.g., in gene therapy. 
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ABSTRACT : 

Gene Therapy vectors, which are especially useful for cystic 
fibrosis, and methods for using the vectors are disclosed. 
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CLAIMS : 
CLMS ( 1 ) 
What is claimed is: 

1. An adenoviral vector comprising (a) an adenoviral genome 
deficient in the E4 region of the adenoviral genome, , (b) a spacer of 
at least 15 base pairs in the E4 region of the adenoviral genome, and 
(c) a passenger gene, wherein said spacer comprises a sequence that is 
non-native to the E4 region of the adenoviral genome, and wherein the 
viral production level of said adenoviral vector is greater than 

the viral production level of said adenoviral vector without said 
spacer. 

CLMS (2) 

2. The adenoviral vector of claim 1, wherein the viral 
production level of said adenoviral vector without said spacer 

and without said passenger gene is lower than the viral production level 

of said adenoviral vector without said spacer, said passenger 

gene, and said deficiency in the E4 region of the adenoviral genome. 

CLMS (3) 

3. A host cell comprising the adenoviral vector of claim 1. 
CLMS ( 4 ) 

4. A composition comprising the adenoviral vector of claim 1, 



and a carrier therefo 
CLMS(5) 



5. A replication competent adenovirus- free stock of the 
adenoviral vector of claim 1, wherein said spacer comprises said 
passenger gene, wherein said adenoviral vector is prepared in a 
cell line which will support the growth of said adenoviral 
vector, and wherein the genome of said cell line is free of 
overlapping sequences with said adenoviral vector such that said 

cell genome will not mediate a recombination event which would produce a 
replication competent adenoviral vector. 

CLMS (6) 

6. A method of genetically modifying a cell in vitro, which comprises 
contacting said cell with the adenoviral vector of claim 1. 

CLMS (7) 

7. The adenoviral vector of claim 1, wherein said adenoviral 
genome is deficient in one or more essential gene functions of the E4 
region of the adenoviral genome. 

CLMS { 8 ) 

8. The adenoviral vector of claim 7, wherein said adenoviral 

genome is deficient in one or more essential gene functions of another 
region of the adenoviral genome. 

CLMS ( 9 ) 

9. The adenoviral vector of claim 8, wherein said another region 
is the El region of the adenoviral genome. 

CLMS (10) 

10. The adenoviral vector of claim 1, wherein said 
adenoviral genome is deleted of the E4 region of the adenoviral 

genome . 

CLMS (11) 

11. The adenoviral vector of claim 10, wherein said 
adenoviral genome is deficient in one or more other essential gene 
functions of another region of the adenoviral genome. 

CLMS (12) 

12. The adenoviral vector of claim 1, wherein said 
adenoviral genome is deleted of the E4 region of the adenoviral 

genome except the E4 promoter and the E4 polyadenylation sequence. 

CLMS (13) 

13. The adenoviral vector of claim 12, wherein said 
adenoviral genome is deficient in one or more other essential gene 
functions of another region of the adenoviral genome. 

CLMS (14) 

14. The adenoviral vector of claim 1, wherein said 
adenoviral genome is deleted of the E4 region of the adenoviral 
genome except the E4 polyadenylation sequence . 



CLMS(15) 

15. The adenoviral vector of claim 14, wherein said 
adenoviral genome is deficient in one or more essential gene 
functions of another region of the adenoviral genome. 

CLMS(16) 

16. The adenoviral vector of claim 1, wherein said 
adenoviral genome is further deficient in the E2A region of the 
adenoviral genome . 

CLMS (17) 

17. The adenoviral vector of claim 16, wherein said E2A region 
comprises a portion of the adenoviral genome which encodes amino 
acids of the Nt domain of the DBP sufficient to allow for viral 
production, and wherein said E2A region is deficient in the portion 
the adenoviral genome which encodes amino acid sequences of the Ct 
domain that are necessary for DNA binding. 

CLMS (18) 

18. The adenoviral vector of claim 1, wherein said spacer is 
about 100 to about 12,000 base pairs. 

CLMS (19) 

19. A method of genetically modifying a cell in vitro, which compri 
contacting said cell with the adenoviral vector of claim 18. 

CLMS (20) 

20. The adenoviral vector of claim 18, wherein said spacer is 
about 500 to about 8,000 base pairs. 

CLMS (21) 

21. The adenoviral vector of claim 20, wherein said spacer is 
about 1,500 to about 6,000 base pairs. 

CLMS (22) 

22. The adenoviral vector of claim 1, wherein said spacer 
comprises a polyadenylation sequence other than an E4 adenoviral 
polyadenylation sequence. 

CLMS (23) 

23. The adenoviral vector of claim 22, wherein said spacer 
comprises an SV40 polyadenylation sequence. 

CLMS (24) 

24. A method of genetically modifying a cell in vitro, which 
comprises-contacting said cell with the adenoviral vector of 
claim 22. 

CLMS (25) 

25. A replication competent adenovirus- free stock of the 
adenoviral vector of any of claims 1, 2 and 7-17, wherein said 
spacer comprises a polyadenylation sequence other than an E4 
adenoviral polyadenylation sequence. 



CLMS(26) 

26. The replication competent adenovirus- free stock of^claim 25, 
wherein said spacer comprises an SV40 polyadenylation sequence. 

CLMS{27) 

27. A replication competent adenovirus- free stock of the 
adenoviral vector of claim 1, wherein said spacer comprises a 
polyadenylation sequence other than an E4 adenoviral polyadenylation 
sequence, wherein said adenoviral vector is prepared in a cell 

line which will support the growth of said adenoviral vector, and 
wherein the genome of said cell line is free of overlapping sequences 
with said adenoviral vector such that said cell genome will not 
mediate a recombination event which would produce a replication competent 
adenoviral vector. 

CLMS (28) 

28. The replication competent adenovirus- free stock of claim 27, 
wherein said spacer comprises an SV40 polyadenylation sequence. 

CLMS (29) 

29. A replication competent adenovirus- free stock of the 
adenoviral vector of any of claims 1, 2 and 7-17, wherein said 
spacer comprises a polyadenylation sequence other than an E4 
adenoviral polyadenylation sequence, wherein said adenoviral 
vector is prepared in a cell line which will support the growth of 
said adenoviral vector. 

CLMS (30) 

30. The replication competent adenovirus- free stock of claim 29, 
wherein said spacer comprises an SV40 polyadenylation sequence. 

CLMS (31) 

31. A replication competent adenovirus- free stock of the 
adenoviral vector of any of claims 1, 2 and 7-17, wherein said 
spacer comprises said passenger gene, wherein said adenoviral 
vector is prepared in a cell line which will support the growth of 
said adenoviral vector. 

CLMS (32) 

32. A method of increasing the propagation in a complementing cell line 
of an adenoviral vector comprising (a) an adenoviral genome 
deficient in the E4 region and (b) a passenger gene, which method 
comprises incorporating into the E4 region of the adenoviral genome 

of said adenoviral vector a spacer comprising at least about 15 
base pairs, wherein said spacer comprises a sequence that is non-native 
to the E4 region of the adenoviral genome, thereby resulting in an 
increase in the viral production level of said adenoviral vector. 

CLMS (33) 

33. The method of claim 32, wherein said adenoviral genome is 
deficient in one or more essential gene functions of another region of 
the adenoviral genome. 

CLMS (34) 



34. The method of claim 32, wherein said adenoviral genome is 
deficient in one or more essential gene functions of the E4 region of the 



adenoviral genome . 
CLMS(35) 

35. The method of claim 34, wherein said adenoviral genome is 
deficient in one or more essential gene functions of another region of 
the adenoviral genome. 

CLMS (36) 

36. The method of claim 34, wherein said adenoviral genome is 

further deficient in at least one or more essential gene functions of the 
El region of the adenoviral genome. 

CLMS (37) 

37. The method of claim 32, wherein said adenoviral genome is 
deleted of all the open reading frames of the E4 region of the 
adenoviral genome . 

CLMS (38) 

38. The method of claim 37, wherein said adenoviral genome is 
deficient in one or more essential gene functions of another region of 
the adenoviral genome . 

CLMS (39) 

39. The method of claim 32, wherein said adenoviral genome is 
deleted of the E4 region of the adenoviral genome except the E4 
promoter and the E4 polyadenylation sequence. 

CLMS (40) 

40. The method of claim 39, wherein said adenoviral genome is 
deficient in one or more essential gene functions of another region of 
the adenoviral genome . 

CLMS (41) 

41. The method of claim 39, wherein said adenoviral genome is 
deleted of the E4 region of the adenoviral genome except the E4 
polyadenylation sequence. 

CLMS (42) 

42. The method of claim 32, wherein said spacer is about 100 to about 
12,000 base pairs. 

CLMS (43) 

43. The method of claim 42, wherein said spacer is about 500 to about 
8,000 base pairs. 

CLMS (44) 

44. The method of claim 42, wherein said spacer is about 1,500 to about 
6, 000 base pairs . 

CLMS (45) 



45. The method of claim 32, wherein said spacer comprises a 
polyadenylation sequence other than an E4 adenoviral polyadenylation 
sequence . 



CLMS (46) 

46. The method of cla^m 45, wherein said spacer compr:3K; an SV40 
polyadenylation sequence. 

CLMS (47) 

47. An adenoviral vector comprising a portion of the E2A region 

of the adenoviral genome which encodes amino acids of the Nt domain 
of the DBP sufficient to allow for viral production, and wherein said E2A 
region is deficient in the portion of the adenoviral genome which 
encodes amino acid sequences of the Ct domain that are necessary for DNA 
bindings and further wherein the adenoviral vector comprises a 
passenger gene. 

CLMS (48) 

48. The adenoviral vector of claim 47, wherein said 
adenoviral genome is deficient in one or more essential gene 
functions of another region of the adenoviral genome. 

CLMS (49) 

49. An adenoviral vector comprising (a) an adenoviral genome 
deficient in the E4 region of the adenoviral genome, and (b) a spacer 
of at least 15 base pairs in the E4 region of the adenoviral genome, 
wherein said spacer comprises a passenger gene that is non-native to the 
E4 region of the adenoviral genome, and wherein the viral production 
level of said adenoviral vector is greater than the viral 

production level of said adenoviral vector without said spacer. 

CLMS (50) 

50. The adenoviral vector of claim 49, wherein said 
adenoviral genome is deficient in one or more essential gene 
functions of the E4 region of the adenoviral genome. 

CLMS (51) 

51. The adenoviral vector of claim 49, wherein the viral 
production level of said adenoviral vector without said spacer 

and without said passenger gene is lower than the viral production level 

of said adenoviral vector without said spacer, said passenger 

gene, and said deficiency in the E4 region of the adenoviral genome. 

CLMS (52) 

52. The adenoviral vector of claim 50, wherein said 
adenoviral genome is deficient in one or more essential gene 
functions of another region of the adenoviral genome. 

CLMS (53) 

53. The adenoviral vector of claim 52, wherein said another 
region is the El region of the adenoviral genome. 

CLMS (54) 

54. The adenoviral vector of claim 52, wherein said 
adenoviral genome is deleted of the E4 region of the adenoviral 
genome . 

CLMS (55) 



55. The adenoviral vector of claim 54, wherein said 



adenoviral genome is c^fccient in one or more other ess^^ial gene 
functions of another Hon of the adenoviral genome. 



CLMS(56) 

56. The adenoviral vector of claim 52, wherein said 
adenoviral genome is deleted of the E4 region of the adenoviral 
genome except the E4 promoter and the E4 polyadenylation sequence. 

CLMS (57) 

57. The adenoviral vector of claim 56, wherein said 
adenoviral genome is deficient in one or more other essential gene 
functions of another region of the adenoviral genome. 

CLMS (58) 

58. The adenoviral vector of claim 49, wherein said 
adenoviral genome is deleted of the E4 region of the adenoviral 
genome except the E4 polyadenylation sequence. 

CLMS (59) 

59. The adenoviral vector of claim 50, wherein said 
adenoviral genome is deficient in one or more essential gene 
functions of another region of the adenoviral genome. 

CLMS (60) 

60. The adenoviral vector of claim 49, wherein said 
adenoviral genome is further deficient in the E2A region of the 
adenoviral genome. 

CLMS (61) 

61. The adenoviral vector of claim 60, wherein said E2A region 
comprises a portion of the adenoviral genome which encodes amino 
acids of the Nt domain of the DBP sufficient to allow for viral 
production, and wherein said E2A region is deficient in the portion of 
the adenoviral genome which encodes amino acid sequences of the Ct 
domain that are necessary for DNA binding. 

CLMS ( 62 ) 

62. A replication competent adenovirus- free stock of the 
adenoviral vector of any of claims 49-61. 

CLMS (63) 

63. A method of increasing the propagation in a complementing cell line 
of an adenoviral vector comprising an adenoviral genome 

deficient in the E4 region, which method comprises incorporating into the 
E4 region of the adenoviral genome of said adenoviral vector 
a spacer comprising at least about 15 base pairs, wherein said spacer 
comprises a passenger gene that is non-native to the E4 region of the 
adenoviral genome, thereby resulting in an increase in the viral 
production level of said adenoviral vector. 
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CLAIMS : 
CLMS ( 1 ) 



We claim: 



1. An adenoviral vec^B comprising an adenovirus genoiH^rom 

which one or more of E4 open reading frames has be<^Kleleted, but 

retaining sufficient E4 sequences to promote virus replication in vitro, 
and additionally comprising a DNA sequence of interest operably linked to 
expression control sequences and inserted into said adenoviral 
genome . 

CLMS ( 2 ) 

2. The vector of claim 1 wherein a PGK promoter is operably linked 
to the DNA sequence of interest. 

CLMS ( 3 ) 

3. The vector of claim 1 from which the Ela and Elb regions of the 
adenovirus genome have been deleted. 

CLMS ( 4 ) 

4. The vector of claim 1 from which the E3 region of the 
adenovirus genome has been deleted. 

CLMS ( 5 ) 

5. The adenoviral vector of claim 1 in which open reading frame 
6 of the E4 region is retained in the adenovirus genome. 

CLMS ( 6 ) 

6. The adenoviral vector of claim 1 in which open reading frame 
3 of the E4 region is retained in the adenovirus genome. 

CLMS ( 7 ) 

7. The adenoviral vector of claim 1 wherein the DNA sequence 
encodes cystic fibrosis transmembrane regulator protein. 

CLMS ( 8 ) 

8. The adenoviral vector of claim 2 wherein the DNA sequence 
encodes cystic fibrosis transmembrane regulator protein. 

CLMS ( 9 ) 

9. The adenoviral vector of claim 3 wherein the DNA sequence 
encodes cystic fibrosis transmembrane regulator protein. 

CLMS (10) 

10. The adenoviral vector of claim 3 wherein the DNA sequence is 
inserted into the deleted Ela and Elb regions of the adenoviral 
genome . 

CLMS (11) 

11. The adenoviral vector of claim 5 wherein the DNA sequence 
encodes cystic fibrosis transmembrane regulator protein. 

CLMS (12) 

12. The adenoviral vector of claim 6 wherein a cytomegalovirus 
promoter is operably linked to the DNA sequence of interest. 



CLMS (13) 



13. A method for pro^p.ng cystic fibrosis transmembr^^ conductance 
regulator protein to airway epithelial cells of a cysto^'f ibrosis patient 
comprising administering directly to airway epithelial cells of the 
patient an adenoviral vector, said vector comprising an 

adenovirus genome from which one or more E4 open reading frames has 
been deleted, but retaining sufficient E4 sequences to promote virus 
replication in vitro, and additionally comprising a DNA sequence encoding 
cystic fibrosis transmembrane regulator protein operably linked to 
expression control sequences and inserted into the El region said 
adenoviral genome, under conditions whereby the DNA sequence encoding 
cystic fibrosis transmembrane regulator protein is expressed and a 
functional chloride ion channel is produced in the airway epithelial 
cells of the patient. 

CLMS (14) 

14. The method of claim 13 wherein open reading frame 6 of the E4 region 
of the adenovirus genome is retained in the vector. 

CLMS (15) 

15. The method of claim 13 wherein the expression control sequences 
operably linked to the DNA sequence comprise the PGK promoter. 

CLMS (16) 

16. The method of claim 13 in which the Ela and Elb regions of the 
adenovirus genome of the vector have been deleted. 

CLMS (17) 

17. The method of claim 13 in which the E3 region of the adenovirus 
genome of the vector has been deleted. 

CLMS (18) 

18. The method of claim 13 wherein open reading frame 3 of the E4 region 
of the adenovirus genome is retained in the vector. 

CLMS (19) 



19. The method of claim 18 wherein the expression control sequences 
operably linked to the DNA sequence comprise a cytomegalovirus promoter. 



